| INTRODUCTION
Preoperative anxiety is a major concern in pediatric anesthesia, since children are highly vulnerable to anxiety and separation from parents. Exposure to unfamiliar environments may cause children to display fear and high levels of distress during anesthesia induction. 1, 2 Preoperative anxiety is manifested in various ways, such as agitation, crying, shivering, fighting, and escape behavior. Additionally, preoperative anxiety has consequent negative effects on children: it is associated with emergence delirium (ED) during recovery and new-onset maladaptive behavioral changes, including nightmares, nocturnal enuresis, and separation anxiety. 3, 4 A child with ED is in a dissociated state of consciousness, illustrating irritable, uncompromising, uncooperative, incoherent, and inconsolably crying, moaning, kicking, or struggling behaviors. 5 The incidence of ED in children ranges from 25% to 80%, depending on the definition of ED used for measurement. 5 During ED, surgical repair can be disrupted and unnecessary injuries may occur. Behavior during ED is disruptive to the postanesthetic care unit (PACU) and may cause distress to hospital staff. 6 A number of interventions have been evaluated in effort to reduce preoperative anxiety and prevent consequent behavioral changes. Currently available strategies for managing preoperative anxiety include premedication, parental presence during induction of anesthesia, various behavioral preparation programs for distraction and preprocedural tour, or informative education. [7] [8] [9] [10] Among preprocedural educations, virtual reality (VR) tour of the operating theater with smartphone and head-mounted display provided a vivid experience about the operating theater to children and parents without organizational and financial limits. 11 The main characteristics offered by VR technology are the high immersion and real-time interaction, which is realized with a sense of presence in the VR. 12 In a previous investigation, immersive VR tour of the operating theater prior to induction of anesthesia significantly reduced preoperative anxiety in children undergoing elective surgery and general anesthesia. 11 However, the effect of immersive VR tour of the operating theater on ED and postoperative behavioral disturbance has not been investigated during the perioperative setting. Preoperative anxiety has been shown to increase the risk of ED, 4 and we hypothesized that immersive VR tour of the operating theater may reduce the incidence and severity of ED by reducing the preoperative anxiety. Accordingly, this study was designed to compare the conventional informative education with immersive VR tour of the operating theater with respect to ED, preoperative anxiety, and postoperative behavior disturbance in pediatric patients undergoing general anesthesia and elective surgery. 
| MATERIALS AND METHODS

| Study
| Virtual reality tour of the operating theater
The VR tour was provided as described by Ryu et al. 11 The 4-minute video of the VR tour, a 360°movie, introduced and explained the perioperative preparation process. In this video, Pororo, the famous little penguin character, acts as a pediatric patient who is scheduled be on a tour of the operating theater before surgery. After admission, Pororo changes into a theater gown and intravenous catheter is placed in his forearm ( Figure 1A ). Then, he is transported to the operating theater after confirming his identity in the reception area of the operating theater ( Figure 1B ). Monitoring devices, including ECG, noninvasive blood pressure cuff and pulse oximeter are placed.
A facial mask is applied for induction of general anesthesia 
What is already known
• Virtual reality tour of the operating theater prior to induction of anesthesia reduced preoperative anxiety in children undergoing elective surgery and general anesthesia What this article adds
• An immersive virtual reality tour of the operating theater in pediatric surgical patients did not reduce the incidence and severity of emergence delirium during recovery. 
| Patients
| Randomization
Randomization was conducted by an independent anesthesiologist who was in charge of patient allocation at 2 hours prior to arrival at the preoperative reception area of the operating theater. A computer-generated randomized code (Random Allocation Software version 1.0; University of Medical Sciences, Isfahan, Iran) with nontransparent envelopes that contained sequential numbers was used. The allocation ratio was 1:1. The outcome assessor and an anesthesiologist were blinded to group assignment, although children and their parents/guardians were not blinded.
| Intervention
Enrolled children were randomly assigned into either the control (n = 43) or VR group (n = 43), and the intervention was done by research team in a separate empty room 1 hour prior to entering the operating theater to exclude any possible external interferences.
Children and parents/guardians in the control group received our 
| Anesthesia
Pediatric patients with short ambulatory procedures were enrolled in the current study and the similar protocol of ambulatory anesthesia is shared by the staff of anesthesia and surgery to provide uniform service of anesthesia. Children were transported from the preanesthetic reception area to the operating theater accompanied by their parent/guardian without premedication. Induction of anesthesia was performed by an anesthesiologist with at least 2 years of experience.
Standard monitoring devices, including ECG, noninvasive blood pressure cuff, and pulse oximeter, were placed; 5 mg/kg thiopental sodium was administered intravenously while oxygenation was carried out using a facial mask. Upon confirming the disappearance of the eyelid reflex, parent/guardian was guided to the waiting room. surgical incision. At the end of the operation, sevoflurane/desflurane was discontinued, and glycopyrrolate with neostigmine were given to reverse the neuromuscular blockade. Children were transferred to the PACU after extubation. At PACU, pain scores are assessed with FACES pain rating scale and pediatric patients with ≥6 was administered with 5 μg/kg alfentanil.
| Outcomes
The primary outcome was the incidence and degree of ED. The incidence and degree of ED was observed during PACU stay. The degree of ED was measured using Pediatric Anesthesia Emergence Delirium (PAED) scale (Table S1 ) 6 by the blinded assessor until 5 min after the arrival of PACU. If ED occurred during PACU stay, the nurse responsible for the child called the assessor to evaluate the child.
Secondary outcomes included the preoperative anxiety scores and postoperative behavior disturbances. Preoperative anxiety was measured using the validated Korean version of m-YPAS (Table S2) (Table S3) 14 by calling to their parents/guardians on 1 and 14 days after surgery.
| Sample size
Power analyses were undertaken using G*Power 3.1.2 (HeinrichHeine University, Düsseldorf, Germany). The sample size of the current study was based on the previous investigation on the ED. The incidence of ED of the control group (without intervention) was 40.6%, 15 and the reduction of 30% (from 40.6% to 10.6%) in the incidence of ED was considered to be clinically significant. A sample size of 43 children per group was determined with a significance level of 0.05 (α = 0.05) and a power of 80 percent (β = 0.20), allowing for a 10% dropout rate.
| Statistical analysis
All data in this study are presented as the median (interquartile range) or numbers (% 
of less than 0.050 was considered statistically significant and mean difference or risk ratio with 95% confidence interval (CI) was reported.
| RESULTS
Of the 90 candidates who were approached before or on the day of surgery, four declined to participate. Eighty-six children participated in the study; of which, 43 were randomly assigned to the control group and 43 to the VR group. Among them, the operations of three patients (one in the control group and two in the VR group) were canceled on the day of surgery due to upper respiratory infection.
During the follow-up period, the assessor failed to check the incidence and severity of ED in three control children; hence, the data of 80 children were used for the final analysis ( Figure 2 ).
There was no significant difference in patients' characteristics, including age, gender, weight, height, and ASA physical class between the groups ( Table 1 ). The median (IQR) age of the children was 6 (5-8) for the control group and 6 (5-7) for the VR group. Both control and VR groups were similar with respect to the induction time, type of volatile anesthetics, anesthesia, and operation time (Table 1) The incidence of ED was not significantly different between the two groups (14 vs 16; P = 0.773, Table 2 ). Additionally, the severity of ED measured with the PAED score were also comparable between the two groups (P = 0.791, Table 2 ).
Regarding preoperative anxiety, the baseline m-YPAS scores were comparable between the two groups (P = 0.346, Table 2 ). | 101 and significant difference was not observed between the two groups on postoperative 1 (P = 0.671) and 14 days (P = 0.329, Table 2 ) with respect to PHBQ-AS scale. Intraoperative or postoperative complication such as bleeding, infection or reoperation did not occur during the study period.
Preoperative anxiety was compared between patients with ED and those without ED and no difference was observed in the m-YPAS between patients with ED and those without ED (Table 3) .
| DISCUSSION
The principal finding of this investigation is that the use of immersive VR-guided tour of the operating theater did not significantly reduce the incidence and severity of ED in children undergoing elec- The preoperative immersive VR tour of the operating room was considered to reduce the preoperative anxiety by familiarity, education, and exposure therapy. 11 The authors hypothesized that immersive VR tour of the operating theater may reduce the incidence and severity of ED by reducing the preoperative anxiety. The incidence of ED for this study was 36% and 39% for the control and VR groups, respectively. The severity of ED was evaluated via the PAED scale, which was validated in routine clinical practice. 6 VR tour of the operating theater prior to anesthesia did not reduce the incidence and severity of ED compared with the preoperative conventional informative education, although it reduced the preoperative anxiety score in this study. In addition to preoperative anxiety, there are a lot of risk factors for ED, such as the use of short-acting F I G U R E 2 CONSORT diagram for the trial volatile anesthetic agent, surgery type, postoperative pain, and child temperament. 3 The incidence of ED is most often associated with sevoflurane or desflurane anesthesia in young children. In the current study, the two experimental groups did not differ significantly with respect to other relevant variables, including age, gender, use of volatile agent, and surgery type. The results of the present study suggest that preoperative anxiety reduced by immersive VR tour of the OR alone did not affect the incidence and severity of ED. Kain et al. 16 evaluated the effects of family-centered multicomponent behavioral preparation on preoperative anxiety and the incidence of ED in about 400 children undergoing general anesthesia. The study concluded that multicomponent behavioral preparation program, including (anxiety-reduction, distraction, video modeling and education, and parental presence) reduced preoperative anxiety and the incidence of ED. 16 Postoperative behavior disturbances, such as general anxiety, night-time crying, enuresis, separation anxiety, and temper tantrums, may occur for up to 14 days after surgery. 4 Kain et al. 17 showed that 67% of children had behavior disturbance the day after surgery, and this persisted for 6 months in 20% and for 1 year in 7% of children. In the present study, these parameters were evaluated on postoperative 1 and 14 days via a phone interview with their parents/guardians using the PHBQ-AS scale. However, the result of this study was in contrast with the previous investigation that evaluated the effect of preoperative informational video on preoperative anxiety and postoperative behavioral changes. Batuman et al. 10 concluded that informational video reduces preoperative anxiety and postoperative negative behavioral changes in children. The discrepancy may be explained by the fact that the incidence of postoperative behavior disturbance of the current study was much lower than those of previous studies. 10, 18 According to the investigations on the behavioral chances of children, problematical changes were common in the age of 1-2.9 with incidences of up to 46% on the day of surgery. 19 Aside from age, possible predictors were pain and previous surgical experience. 19 There are limitations to be considered in the current study. First, the preoperative anxiety was reduced, whereas the incidence and severity of ED were not decreased in the VR group of this study.
Perioperative anxiety is a predictor of ED 4 but the difference of preoperative anxiety alone by VR tour did not affect the incidence and severity of ED in this study. In the current study, no difference was observed in the m-YPAS between patients with ED and those without ED (Table 3) . Second, this study provided the institution's standard preoperative educational procedure for the control group because the standard preoperative education has been used to decrease preoperative anxiety in this institution. The use of a standard 2D (non-VR) video clips that feature a popular character such as Pororo and similar message could investigate the true effect of VR on ED. Third, it is possible that this study was underpowered for our center. The incidence of ED may be varied depending on the definition and local practices and the sample size of the current study was based on the result of the previous study 14 since there are no baseline data about the overall incidence of ED in our institution. Fourth, patients in this study had short procedures including ventilation tubes insertion, ophthalmic, orthopedic (closed reduction or fixation), and dental surgeries (tooth extraction). Children underwent different elective outpatient surgery but received the same intraoperative analgesic management. The incidence of the postoperative analgesic seems to be more in the VR group than in the control group [8 (21%) vs 14 (34%)] although this could not reach statistical significance. The heterogeneity of surgical types and postoperative pain may make interpretation of the results of this study difficult.
In conclusion, preoperative immersive VR tour of the operating theater in pediatric surgical patients had no effect in reducing the incidence and severity of ED during recovery and postoperative behavioral disturbances although it may be effective in alleviating preoperative anxiety. Alternative methods of intervention to decrease the incidence and severity of postoperative emergence delirium should be explored.
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